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Abstract
Background: Deficiencies in vitamin A and D and disorders in the vitamin B complex are often present in people
with chronic liver diseases. So far, the serum concentrations of these vitamins have not yet been studied in dogs with
congenital extrahepatic portosystemic shunts (EHPSS), who also have some degree of liver dysfunction. The objective was to assess serum vitamin concentrations in dogs with EHPSS from diagnosis to complete closure. A prospective cohort study was performed using ten client-owned dogs with EHPSS, closed after gradual surgical attenuation.
Serum concentrations of vitamin A, 25-hydroxyvitamin D, folic acid, cobalamin and methylmalonic acid (MMA) were
measured at diagnosis prior to institution of medical therapy, prior to surgery, and three months after gradual attenuation and complete closure of the EHPSS.
Results: At diagnosis, median serum concentrations of vitamin A, 25-hydroxyvitamin D and folic acid were 18.2 μg/
dL (8.8 - 79.5 μg/dL), 51.8 ng/mL (19.4 - 109.0 ng/mL), and 8.1 μg/L (5.2 - 14.5 μg/L), respectively, which increased
significantly postoperatively (88.3 μg/dL (51.6 - 182.2 μg/dL, P=0.005), 89.6 ng/mL (49.3 - >150.0 ng/mL, P =0.005),
and 14.8 μg/L (11.5 - 17.7 μg/L, P <0.001), respectively). Median serum cobalamin concentrations were 735.5 ng/L (470
- 1388 ng/L) at diagnosis and did not significantly decrease postoperatively (P =0.122). Both at diagnosis and three
months postoperatively 7/10 dogs had hypercobalaminemia.
Conclusions: Serum concentrations of vitamin A, 25-hydroxyvitamin D and folic acid significantly increase after
surgical attenuation. Nevertheless, persistent hypercobalaminemia is suggestive of ongoing liver dysfunction, despite
successful surgery.
Keywords: Canine, Vascular anomaly, Liver dysfunction, Vitamin
Background
Vitamins are important micronutrients that are involved
in a variety of physiological functions. The liver plays an
important role in the digestion, absorption, storage and
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metabolism of vitamins, but also dietary uptake and
intestinal absorption determine blood vitamin concentrations [1–3]. In humans with end-stage liver diseases,
vitamin A and D deficiencies are often present [4]. Deficiencies in these fat-soluble vitamins are most likely
secondary to malabsorption associated with end-stage
liver failure [5]. Deficiencies in water-soluble vitamins
can also occur in people with end-stage liver diseases,
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with deficiencies in the vitamin B complex more commonly seen in humans with alcoholic compared to nonalcoholic chronic liver diseases [6, 7]. However, more
recently, hypercobalaminemia has also been associated
with liver disease in people, cats and dogs [8–10].
Portosystemic shunts (PSS) are anomalous vessels connecting the portal system to the systemic circulation [11],
causing hypoperfusion of the liver [12]. In an experimental study in dogs in which portocaval shunts were created and 65% of the liver was resected, hydroxylation of
injected vitamin D into 25-hydroxyvitamin D was significantly lower than in dogs in which 65% of the liver was
resected without shunt creation as well as in dogs that
underwent a sham surgery. In this study, hepatic hypoperfusion had a greater impact on plasma concentrations
of 25-hydroxyvitamin D than reduction in liver mass [13].
Experimental rats in which a portocaval shunt was experimentally created had a 25% decrease in serum vitamin A
concentrations compared to sham-operated rats 48 days
after surgery [14]. Besides hypoperfusion, some degree
of (secondary) liver dysfunction is expected [15]. Rats in
which portocaval shunts were created have a decreased
concentration of cytochrome P450 due to hypoperfusion,
causing liver dysfunction [16]. Data on vitamin concentrations in dogs with congenital PSS is sparse. One study
analyzed vitamin C plasma concentrations in dogs with
extrahepatic PSS (EHPSS). In dogs, vitamin C is synthesized by the liver, nevertheless only two out of 15 dogs
had vitamin C concentrations under the lower reference
value [17]. This can most likely be explained because of
sufficient dietary uptake.
The current study aimed to assess serum concentrations of vitamin A, 25-hydroxyvitamin D, and molecules
associated with the vitamin B complex in dogs with
EHPSS before medical therapy, minimally four weeks
after initiation of medical therapy, and three months after
successful surgical attenuation as defined by transsplenic
portal scintigraphy.

Results
Study sample

Initially, 15 dogs were included, of which five were
excluded because of persistent shunting. The remaining
10 dogs consisted of different breeds: three cross breed
dogs, two Pugs, and one each of Papillon, West Highland white terrier, Dachshund, Yorkshire terrier and
Maltese. Median age at diagnosis was 12.5 months (3
- 105 months); five dogs were less than one year of age,
with one of them being more than one year of age three
months postoperatively. At diagnosis, the median body
weight was 3.0 kg (1.4 - 7.8 kg) and the median BCS was
3/9 (2 - 6/9). All dogs presented with some degree of
hepatic encephalopathy and one or more gastrointestinal
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signs, such as hyporexia, weight loss, vomiting and/or
diarrhoea. Four dogs also presented with urinary signs,
such as stranguria and hematuria. One dog had two
EHPSSs which were attenuated during two separate surgeries, four months apart. Samples of this dog were analyzed at time of diagnosis, time of the first surgery and
three months after the second surgery. The median time
of medical therapy prior to surgical attenuation was 6
weeks (4 - 7 weeks), and the median time between surgery and the last follow-up visit was 14.5 weeks (13 - 31
weeks).
Serum concentrations of vitamins and MMA

Samples were stored for a median time of 14 months
(6-22 months). Serum concentrations of vitamins and
MMA over time are depicted in Table 1 and Figure 1.
The serum vitamin A concentration was less than 30
μg/dL in seven dogs at time of diagnosis and in eight
prior to surgery. Three months postoperatively, the serum
vitamin A concentration was more than 90 μg/dL in five
dogs. On an individual basis, serum vitamin A concentration increased significantly from diagnosis as well as
from time of surgery to three months postoperatively (P
=0.001 and P =0.005, respectively). Dogs less than one
year of age had significantly lower serum vitamin A concentrations prior to surgery compared to dogs one year of
age or older (P =0.032).
The serum concentration of 25-hydroxyvitamin D was
only slightly below the lower reference limit in one dog
at time of diagnosis. The 25-hydroxyvitamin D serum
concentrations were within the reference interval for all
dogs prior to surgery, whereas two dogs had 25-hydroxyvitamin D serum concentrations above the upper reference value three months postoperatively. A statistically
significant increase in the 25-hydroxyvitamin D serum
concentration was seen in individual dogs from diagnosis
to three months postoperatively (P =0.005).
Folic acid serum concentrations were within reference
interval in all dogs at time of diagnosis and prior to surgery. Three months postoperatively, only one dog had a
serum concentration of folic acid slightly above the upper
reference value. On an individual basis, folic acid serum
concentrations significantly increased from diagnosis to
three months postoperatively (P <0.001).
The serum concentrations of cobalamin were above the
upper limit in seven dogs at diagnosis, nine dogs prior to
surgery and in seven dogs three months postoperatively.
One dog had normal cobalamin serum concentrations
during all three measurements. Over time, no significant differences in serum concentrations were seen on an
individual basis (P =0.122).
At time of diagnosis, the serum concentrations of
MMA were below the lower reference value in two dogs
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Table 1 Concentrations of different vitamins and methylmalonic acid in dogs with extrahepatic portosystemic shunts
Diagnosis

Surgery*

Three monthspostoperatively*

median (range)

median (range)

median (range)

Vitamin A (μg/dL)

18.2

20.7

88.3‡°

(8.8 – 79.5)

(7.6 – 85.9)

(51.6 – 182.2)

25-hydroxyvitamin D (ng/mL)

51.8

60.1

89.6

(19.4 – 109.0)

(32.2 – 98.1)

(49.3 – >150.0)**

Folic Acid (μg/L)
Cobalamin (ng/L)
Methylmalonic acid (μg/L)
*

8.1

10.5

14.8‡°

(5.2 -14.5)

(5.6 – 15.6)

(11.5 – 17.7)

736

885

715

(470 – 1388)

(453 – 1290)

(394 – 999)

93.6

37.4†

60.6

(41.9 – 250.1)

(28.0 – 462.7)

(46.1 – 100.6)

Reference interval
30.6 – 169.6[18]
20.0 – 115.0
4.0 – 16.0
99 – 658
45.4 – 129.0

Only data after the second surgery are reported of the dog with two single EHPSS that underwent two surgeries

**

The upper limit of detection of 25-hydroxyvitamin D in the chemiluminescent microparticle immunoassay was 150.0 ng/mL

[18]

published ranges of vitamin A concentrations in healthy dogs, also determined by reversed phase high performance liquid chromatography [18].

Statistically significant differences based on Kruskal-Wallis tests are indicated
†significant difference between median serum concentrations at diagnosis and time of surgery
‡significant difference between median serum concentrations at diagnosis and three months postoperatively
°significant difference between median serum concentrations at time of surgery and three months postoperatively

and above the upper reference value in four dogs. Prior
to surgery, seven dogs had MMA serum concentrations
below the lower reference value, whereas it was above the
upper reference value in one dog. A significant decrease
in MMA concentration was found on an individual basis
from time to diagnosis to time to surgery (P =0.042).
Dogs less than one year of age had significantly lower
MMA serum concentrations prior to surgery compared
to dogs one year of age or older (P =0.008).

Discussion
The current study found that the majority of dogs with
EHPPS had low serum vitamin A concentrations and
hypercobalaminemia at presentation, whereas serum
MMA concentrations were variable at diagnosis. After
starting medical therapy, serum MMA concentration significantly decreased. Over time, serum concentrations of
vitamin A, 25-hydroxyvitamin D and folic acid increased
significantly. In contrast, hypercobalaminemia persisted,
despite successful surgery.
In the majority of dogs, serum vitamin A concentrations were low at diagnosis and prior to surgery, and
serum concentrations increased two to eight times
from surgery to three months postoperatively. This is in
line with findings in experimental rats, in which a 25%
decrease in serum vitamin A concentrations was seen
after creation of a portocaval shunt compared to shamoperated rats [14]. Vitamin A, an essential fat-soluble
vitamin is important in the regulation of cell differentiation, proliferation and apoptosis, in immune function,

and it also regulates the homeostasis of carbohydrates,
lipids and proteins [19–21]. The liver plays an important
role in vitamin A uptake from chylomicrons, metabolism,
and storage, with hepatocytes being the most important
cell in the uptake and metabolism of vitamin A and with
hepatic stellate cells being the major site of vitamin A
storage [22]. Blood vitamin A is bound to retinol-binding
protein (RBP), which is mainly produced by the liver [23].
The serum vitamin A concentrations at time of diagnosis
and prior to surgery were lower than three months postoperatively in all dogs in the current study. The increase
in serum concentration three months postoperatively
can possibly be explained by increased production of
RBP due to improved liver function. Of note, low serum
concentrations of vitamin A do not necessarily mean that
hepatic vitamin A concentrations are low, as rats in which
a portocaval shunt has been created showed low serum
vitamin A concentrations because of impaired release of
vitamin A from the liver [14]. Further research assessing
both serum and liver vitamin A concentrations together
with RBP is needed to get more insight in the changes
in the vitamin A concentrations observed in dogs with
EHPSS. As sufficient vitamin A is very important during
growth, oral supplementation can help to avoid growth
retardation [24]. The latter is especially important as vitamin A serum concentrations were significantly lower in
dogs less than one year of age at time of surgery, which
indicates a relative shortage of vitamin A in the liversupport diet used in the current study for immature dogs.
Although no studies are available specifically looking at
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Fig. 1 Serum concentrations of vitamin A, 25-hydroxyvitamin D, folic acid, cobalamin and methylmalonic acid in dogs with extrahepatic
portosystemic shunts. Legend: 3 month PO – 3 months postoperatively. The upper limit of detection of 25-hydroxyvitamin D was 150.0 ng/mL

changes of serum vitamin A concentrations in growing
dogs, one study looking at the safety of vitamin A concentrations in food of growing dogs, revealed that retinol concentrations were significantly lower in dogs until
26 weeks of age [25]. In this study, three dogs were less
than 26 weeks at diagnosis; although the increase three
months postoperatively can be (partially) contributed to
growing of these dogs, the increase in vitamin A concentrations in these dogs was not clearly more than in all
other dogs.

In dogs, contrary to people, vitamin D is an essential
fat-soluble vitamin [26]. It plays an important role in calcium homeostasis. Low blood concentrations are associated with inflammation, oncogenesis and cardiovascular
disease. After intestinal absorption, vitamin D is transformed into 25-hydroxyvitamin D in the liver [26]. Whilst
serum concentrations 25-hydroxyvitamin D remained
within the reference interval in the majority of dogs at all
time points, a significant increase was found over time.
This is most likely attributed to increased transformation of vitamin D into 25-hydroxyvitamin D by the liver.
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A previous study, showed that lactulose at a dose of 1 g/
kg/day causes an increase in calcium absorption in the
intestines in healthy dogs [27]. Although the same dose
was used in the current study, no clear influence of lactulose was observed, as no significant changes in serum
concentrations of 25-hydroxyvitamin D were found
after starting medical therapy. In small dog breeds, oral
calcium supplementation causes an increase in plasma
25-hydroxyvitamin D, something which is not observed
in large breed dogs [28].
This study showed that folate (vitamin B9) remained
within normal limits, whereas cobalamin (vitamin B12)
was above the upper reference value in the majority of
dogs at all time points. Both cobalamin and folate are
important vitamins in the synthesis of methionine, a
non-essential amino acid. By catabolizing homocysteine
into methionine, folate is transformed into folic acid
[29]. Deficiencies in one of those vitamins can lead to
decreased metabolism of homocysteine to methionine.
Dietary folate is absorbed throughout the jejunum, after
which is it taken up by the liver, where it is stored [30,
31]. Besides catabolism of methionine synthetase, folate
is also responsible for metabolism of other amino acids
such as cysteine, serine, glycine and histidine, and it also
plays an important role in purine and pyrimidine nucleotide biosynthesis [31]. Folate undergoes an enterohepatic
cycle which is important for the folate homeostasis [32].
In people, folate deficiencies are seen in people with several chronic liver diseases [33, 34]. Although serum folate
concentrations remained within reference values, a significant increase was found between diagnosis and three
months postoperatively. A possible explanation can be
that untreated dogs have a decreased folate storage in
the underdeveloped liver, which improves after surgical
attenuation. To confirm this hypothesis, hepatic folate
concentrations would need to be determined. In people,
laxative treatment has been shown to increase plasma
homocysteine concentrations and concurrently decrease
folate concentrations [35]. In the current study, however,
there are no indications that the dose of lactulose administered to decrease ammonia absorption from the intestinal tract did have a measurable effect on serum folate
concentrations.
Cobalamin is a water-soluble vitamin which is mainly
absorbed in the ileum and, in healthy dogs, cobalamin is
mainly stored in the liver, and to a lesser extent, in the
kidneys [36]. Similar to folate, the majority of cobalamin is recycled via the enterohepatic cycle [29]. Cobalamin is a key molecule that catalyzes metabolic reactions.
Remarkably, in humans it is shown that clinical signs
associated with hyper- or hypocobalaminemia, such as
megaloblastic anemia and myeloneuropathy, are alike [8,
37]. In the current study, no clinical signs associated with
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hypercobalaminemia were observed in any of the dogs.
For many decades, cobalamin deficiencies were associated with liver dysfunction [6, 7]; but, more recently, it
has been documented that some people with liver disease have hypercobalaminemia instead [8]. Transcobalamins (TCB) bind serum cobalamins. Only 20% is bound
to TCB II, which is the active fraction, whereas 80% of
serum cobalamin is inactive and bound to TCB I and
III [8]. Transcobalamin II is mainly synthesized by the
liver, and once cobalamin is bound, it is taken up by the
liver and other tissues and undergoes the enterohepatic
cycle. In case of liver dysfunction, less TCB II is synthesized, increasing the concentrations of serum cobalamin
bound to TCB I and III causing hypercobalaminemia
and concurrent functional cobalamin deficits [8]. A retrospective study consisting of 654 dogs and 323 cats in
which cobalamin was analyzed revealed that hypercobalaminemia is a rather rare condition; only 3% of dogs
(76% were <10 kg) and 11% of cats. The majority of
dogs and cats having gastrointestinal disease including
hepatopathy, had increased serum cobalamin concentrations [10]. In an older study, 44 of 156 cats had hypercobalaminemia, of which the majority had either neoplasia
or a hepatobiliary disease [9]. In the latter study, one cat
with hypercobalaminemia was reported to have portal
vein hypoplasia, which is a congenital disorder in which
microscopic intrahepatic portovenous shunts are present [38]. Hypercobalaminemia seen in dogs with EHPSS
could be explained by impaired hepatic uptake of cobalamin and by decreased TCB II synthesis. It is, however,
surprising that, three months after surgery, hypercobalaminemia persisted in the majority of dogs, suggesting, at
least, incomplete recovery of liver function despite successful surgery. Further research is needed to determine
TCBs in dogs with EHPSS and to confirm this hypothesis.
In humans, MMA is used as a specific marker for cellular cobalamin deficiency and, therefore, it is commonly
determined in patients suspected of having hypocobalaminemia [39]. Methylmalonic acid is formed during
metabolism of several amino acids and odd chain fatty
acids. Intracellular cobalamin deficiencies cause intracellular MMA accumulation which can subsequently cause
methylmalonic acidemia [29]. Excess of MMA can inhibit
carbomoyl phosphate synthetase, an enzyme involved
in the urea cycle, which normally metabolizes ammonia
into carbamoyl phosphate [29], potentially exacerbating
hepatic encephalopathy. In the current study, four dogs
had increased MMA concentrations at time of diagnosis. Surprisingly, in only two of those dogs, simultaneous
hypercobalaminemia was present, suggesting a functional cobalamin deficit [29]. In a third dog, the combination of hypercobalaminemia and increased serum
MMA was observed the day of surgery. Concentrations
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of MMA are very dependent on the diet [40]. This was
confirmed in the current study. At diagnosis, the food
that the dogs received was divers and so were the serum
MMA concentrations. Prior to surgery, serum MMA
concentrations were significantly lower compared to
diagnosis, with the majority of dogs having MMA serum
concentrations under the lower reference value. Moreover, prior to surgery, serum MMA concentrations were
significantly lower in dogs less than one year of age. The
low MMA serum concentrations can be explained by the
relative low protein levels in the liver-support diet the
dogs received (16% protein in kibbles, 6.5% in canned
food). The MMA serum concentration was well within
normal reference limits three months postoperatively,
despite the fact that all dogs still strictly received the
liver-support diet. The most likely explanation for these
apparently contradictory findings is that concentrations
of branched-chain amino acids (isoleucine and valine)
increased after normalization of hyperammonemia by
surgical closure of the EHPSS. Branched-chain amino
acids are typically decreased in dogs with PSS, and are
used as alternative pathway to detoxify ammonia in muscle tissue and in the brain in case of hyperammonemia
[41–43].
This study has some limitations. The number of dogs
included was low, which might have caused type II errors;
nevertheless, clear trends could be identified. Because of
the relatively short postoperative follow-up, it remains
uncertain whether or not hypercobalaminemia will persist at long-term. Furthermore, dogs at diagnosis received
different types of food, which makes interpretation of
the baseline values difficult. Nevertheless, besides a large
variation in serum MMA concentrations, the serum
concentrations of the other metabolites analyzed did
not seem to be greatly impacted by the type of food the
dogs received. Serum samples were stored for a relatively
long period of time before analysis in batch. No studies
are available about the influence of long-term storage of
dog serum on vitamin concentrations. Finally, for vitamin A, no reference intervals were available. Hence, for
the vitamin A concentrations found in this study, trends
are more reliable than exact values that are more difficult
to correctly interpret. More research is needed to consolidate the findings of the current study and to assess
the importance of these findings in dogs with EHPSS.
Ideally, a case-control study should be performed, including age- and breed- matched control dogs that receive the
same liver-support diet. Furthermore, analyzing vitamin
concentrations in both the blood and liver would also be
interesting. Finally, determination of vitamin concentrations in dogs with persistent shunting and in dogs receiving medical therapy for a long period of time would help
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to understand the influence of surgical attenuation versus
long-term medical therapy.

Conclusions
Serum vitamin A concentrations were low at diagnosis
in the majority of dogs and only increased after successful surgical attenuation. Research is needed to investigate
the effect of vitamin A supplementation in dogs with
EHPSS. Dogs with EHPSS had hypercobalaminemia,
which persisted despite successful surgical attenuation
of the EHPSS. So far it is unclear if hypercobalaminemia
will normalize over time and how long this would take.
Materials and methods
Animals

Client-owned dogs with EHPSS prospectively enrolled
for this study. Dogs were eligible for inclusion if they
did not receive any medication nor a liver-support diet
at time of diagnosis and if owners opted for surgical
attenuation of the EHPSS after a minimum of 4 weeks
of medical management. All dogs were diagnosed with
an EHPSS based on blood examination (complete blood
count, serum biochemistry, serum bile acid concentrations and fasted ammonia) followed by medical imaging
(abdominal ultrasonography, computed tomography or
transsplenic portal scintigraphy). Medical management
consisted of a liver-support diet (Royal Canin hepatic,
Royal Canin, Zaventem, Belgium) offered in small quantities divided over the day combined with lactulose (0.5
mL/kg 3 times daily, adjusted to effect; Lactulose EG,
Eurogenerics N.V., Brussels, Belgium) and metronidazole (7.5-10 mg/kg twice daily; Stomorgyl, Merial, Toulouse, France). Gradual attenuation of the EHPSS was
performed with either an ameroid constrictor or thin
film banding [44, 45], depending on the preference of
the attending surgeon. The gradual attenuating device
was always placed as close as possible to the systemic
circulation.
Postoperatively, medical therapy was continued until
one month postoperatively, after which lactulose and
metronidazole were ceased. The liver-support diet was
continued exclusively until the follow-up visit three
months postoperatively. During this follow-up visit, a
transsplenic portal scintigraphy was performed to determine shunt closure. Shunt fractions of <4.3% were considered normal [46]. Dogs with persistent shunting were
excluded from the study.
Sample collection, storage and analyses

Dogs were requested to be fasted for at least 12 hours.
Blood samples were taken at time of diagnosis, prior to
surgery and three months postoperatively. A total of 3.5
mL of blood was taken form a jugular vein and placed in
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a serum tube. After clotting, the serum tube was centrifuged at 3500g during 5 minutes. The serum was separated and stored at -80 °C until analysis. Concentrations
of vitamin A, 25-hydroxyvitamin D, folic acid, cobalamin
and methylmalonic acid (MMA) were analyzed in a commercial laboratory. Serum vitamin A was determined
using reversed phase high performance liquid chromatography (Ultimate, ThermoFisher Scientific) and MMA
was determined using a liquid chromatography with
tandem mass spectrometry. Chemiluminescent microparticle assays (Architect I 2000, Abbott) were used to
determine 25-hydroxyvitamin D (chemiluminescent
microparticle immunoassay), folic acid (chemiluminescent microparticle folate binding protein assay) and
cobalamin (chemiluminescent microparticle intrinsic
factor assay). For all molecules but vitamin A, reference
intervals of the laboratory were available. Consequently,
published ranges of vitamin A concentrations in healthy
dogs determined using a similar laboratory technique
were used for reference (Table 1) [18].
Statistical analysis

Statistical analyses were performed using SPSS Statistics
26 (IBM). Kruskal-Wallis tests were performed to evaluate median serum concentrations of the different molecules at different moments in time. Friedman two-way
analyses were performed to evaluate serum concentrations of the different molecules within dogs over time. In
case significant differences were found with Kruskal-Wallis tests or Friedman two-way analyses, pairwise comparisons with Bonferroni correction were performed. A P
-value of <0.05 was considered significant.
Abbreviations
BCS: Body condition score; EHPSS: Extrahepatic portosystemic shunt; MMA:
Methylmalonic acid; PSS: Portosystemic shunt; RBP: Retinol-binding protein;
TCB: Transcobalamins.
Acknowledgements
Not applicable.
Authors’ contributions
ND designed the project, enrolled dogs and was responsible for follow-up
visits and blood sampling, performed statistical analysis, interpreted the data,
and drafted the manuscript. GS enrolled dogs and responsible for follow-up
visits and blood sampling, interpreted the data, reviewed the manuscript and
approved final manuscript. DP designed the project and interpreted the data.
SV designed the project and interpreted the data. ES interpreted imaging data
to ensure correct interpretation. HdR designed the project, performed statistical analysis, interpreted the data, and was a major contributor in writing the
manuscript. All owners read and approved the final manuscript.
Funding
This study was financially supported by Royal Canin Benelux.
Availability of data and materials
All data generated or analyzed during this study are included in this published
article.

Page 7 of 8

Declarations
Ethics approval and consent to participate
This prospective study was approved by the ethical and deontological committee of the Veterinary Faculty of Ghent University, Belgium (EC 2017/49 – 6
September, 2017 and DC 2017N06 – 7 November, 2017) and all owners signed
an informed consent form prior to enrollment. All methods were carried out in
accordance with relevant institutional, national, and international guidelines
and regulations.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Small Animal Department, Faculty of Veterinary Medicine, Ghent University,
Salisburylaan 133, 9820 Merelbeke, Belgium. 2 Department of Medical Imaging
of Domestic Animals and Small Animal Orthopaedics, Faculty of Veterinary
Medicine, Ghent University, Salisburylaan 133, 9820 Merelbeke, Belgium.
Received: 17 July 2021 Accepted: 13 December 2021

References
1. Russell RM. Vitamin and mineral supplements in the management of liver
disease. Med Clin North Am. 1979;63(3):537–44.
2. Tran JL, Horvath C, Krammer S, Höller U, Zentek J. Blood vitamin concentrations in privately owned dogs fed non-standardized commercial diets
and after intake of diets with specified vitamin concentrations. J Anim
Physiol Anim Nutr. 2007;91(1-2):40–7.
3. Keller J, Layer P. The pathophysiology of malabsorption. Viszeralmedizin.
2014;30(3):150–4.
4. Venu M, Martin E, Saeian K, Gawrieh S. High prevalence of vitamin A
deficiency and vitamin D deficiency in patients evaluated for liver transplantation. Liver Transpl. 2013;19(6):627–33.
5. Bémeur C, Desjardins P, Butterworth RF. Role of nutrition in the management of hepatic encephalopathy in end-stage liver failure. J Nutr Metab.
2010;489823.
6. Morgan AG, Kelleher J, Walker BE, Losowsky MS. Nutrition in cryptogenic
cirrhosis and chronic aggressive hepatitis. Gut. 1976;17(2):113–8.
7. Hoyumpa AM. Mechanisms of vitamin deficiencies in alcoholism. Alcohol
Clin Exp Res. 1986;10(6):573–81.
8. Andrès E, Serraj K, Zhu J, Vermorken AJM. The pathophysiology of
elevated vitamin B12 in clinical practice. QJM. 2013;106(6):505–15.
9. Trehy MR, German AJ, Silvestrini P, Serrano G, Batchelor DJ. Hypercobalaminaemia is associated with hepatic and neoplastic disease in cats: a
cross sectional study. BMC Vet Res. 2014;10:175.
10. Kather S, Sielski L, Dengler F, Jirasek A, Heilmann RM. Prevalence and
clinical relevance of hypercobalaminaemia in dogs and cats. Vet J.
2020;265:105547.
11. Suter PF. Porta vein anomalies in the dog: Their angiographic diagnosis.
Vet Radiol. 1975;16(3):84–97.
12. Sobczak-Filipiak M, Mȩcik-Kronenberg T, Czopowicz M, Galanty M, Trebacz
P, Frymus J, et al. Lipogranulomas and pigment granulomas in livers of
dogs with portosystemic shunt. Pol J Vet Sci. 2018;21(2):65–272.
13. Mjahed A, Saint-Aubert B, Colette C, Andriguetto PC, Liu YY, Astre C, et al.
Étude comparative de trois shunts porto-systémiques après hépatectomie de 65% chez le chien. Évaluation de deux fonctions spécifiques du
foie. Journal de Chirurgie (Paris). 1983;120(6-7):397–402.
14. Schölmerich J, Fabian M, Tauber R, Löhle E, Köttgen E, Grün M, et al.
Portacaval shunt as an experimental model of impaired hepatic release of
vitamin A in liver disease. Gastroenterology. 1991;100(5):1379–84.
15. Baade S, Aupperle H, Grevel V, Schoon H-A. Histopathological and immunohistochemical investigations of hepatic lesions associated with congenital portosystemic shunt in dogs. J Comp Pathol. 2006;134(1):80–90.

Devriendt et al. BMC Veterinary Research

(2022) 18:18

16. Farrell GC, Zaluzny L. Portal vein ligation selectively lowers hepatic
cytochrome P450 levels in rats. Gastroenterology. 1983;85(2):275–82.
17. Hishiyama N, Kayanuma H, Matsui T, Yano H, Suganuma T, Funaba M, et al.
Plasma concentration of vitamin C in dogs with a portosystemic shunt.
Can J Vet Res. 2006;70(4):305–7.
18. Galler A, Tran JL, Krammer-Lukas S, Höller U, Thalhammer JG, Zentek
J, et al. Blood vitamin levels in dogs with chronic kidney disease. Vet J.
2012;192(2):226–31.
19. Manicassamy S, Pulendran B. Retinoic acid dependent regulation of
immune responses by dendritic cells and macrophages. Semin Immunol.
2009;21(1):22–7.
20. Brun PJ, Yang KJZ, Lee SA, Yuen JJ, Blaner WS. Potent regulators of
metabolism. Biofactors. 2013;39(2):151–63.
21. Chen W, Chen G. The roles of vitamin A in the regulation of carbohydrate,
lipid, and protein metabolism. J Clin Med. 2014;3(2):453–79.
22. D’Ambrosio DN, Clugston RD, Blaner WS. Vitamin A metabolism: an
update. Nutrients. 2011;3(1):63–103.
23. Blomhoff R, Green MH, Green JB, Berg T, Norum KR. Vitamin A metabolism: new perspectives on absorption, transport, and storage. Physiol Rev.
1991;71(4):951–90.
24. Greneche MO, François L, Fjellestad-Paulsen A, Evain-Brion D. Évaluation
de l’apport alimentaire en vitamin A chez l’enfant avec et sans retard
statural. Archives de Pédiatrie. 1996;3(9):847–53.
25. Morris PJ, Salt C, Raila J, Brenten T, Kohn B, Schweigert FJ, et al. Safety
evaluation of vitamin A in growing dogs. Br J Nutr. 2012;108(10):1800–9.
26. Weidner N, Verbrugghe A. Current knowledge of vitamin D in dogs. Crit
Rev Food Sci Nutr. 2017;57(18):3850–9.
27. Beyen AC, Kappert HJ, Yu S. Dietary lactulose decreases apparent nitrogen absorption and increases apparent calcium and magnesium absorption in heathy dogs. J Anim Physiol Anim Nutr (Berl). 2001;85(3-4):67–72.
28. Hazewinkel HAW, Tryfonidou MA. Vitamin D3 metabolism in dogs. Mol
Cell Endocrinol. 2002;197(1-2):23–33.
29. Kather S, Grützner N, Kook PH, Dengler F, Heilmann RM. Review of cobalamin status and disorders of cobalamin metabolism in dogs. J Vet Intern
Med. 2020;34(1):13–28.
30. Lulock M. Folic acid: nutritional biochemistry, molecular biology, and role
in disease processes. Mol Genet Metab. 2000;71(1-2):121–38.
31. Medici V, Halsted CH. Folate, alcohol and liver disease. Mol Nutr Food Res.
2013;57(4):596–606.
32. Steinberg SE, Campbell CL, Hillman RS. Kinetics of the normal folate
enterohepatic cycle. J Clin Invest. 1979;64(1):83–8.
33. Deller DJ, Kimber CL, Ibbotson RN. Folic acid deficiency in cirrhosis of the
liver. Am J Dig Dis. 1965;10:35–42.
34. Vahedi H, Bavafaetousi N, Zolfaghari P, Yarmohammadi M, Sohrabi MB.
Assocation between serum folate levels and fatty liver disease. Clin Nutr
Exp. 2020;29:30–5.
35. Nilsson SE, Takkinen S, Johansson B, Dotevall G, Melander A, Berg S,
et al. Laxative treatment elevates plasma homocysteine: a study on a
population-based Swedish sample of old people. Eur J Clin Pharmacol.
2004;60(1):45–9.
36. Steiner JM. Review of commonly used clinical pathology parameters for
general gastrointestinal disease with emphasis on small animals. Toxicol
Pathol. 2014;42(1):189–94.
37. Green R, Allen LH, Bjørke-Monsen AL, Brito A, Guéant JL, Miller JW, et al.
Vitamin B12 deficiency. Nat Rev Dis Primers. 2017;29:17040.
38. Schermerhorn T, Center SA, Dykes NL, Rowland PH, Yeager AE, Erb HN,
et al. Characterization of hepatoportal microvascular dysplasia in a
kindred of cairn terriers. J Vet Intern Med. 1996;10(4):219–30.
39. Berghoff N, Suchodolski JS, Steiner JM. Association between serum
cobalamin and methylmalonic acid concentrations in dogs. Vet J.
2012;191(3):306–11.
40. Hauser NS, Manoli I, Graf JC, Sloan J, Venditti CP. Variable dietary management of methylmalonic academia: metabolic and energetic correlations.
Am J Clin Nutr. 2011;93(1):47–56.
41. Ott P, Clemmesen O, Larsen FS. Cerebral metabolic disturbances in the
brain during acute liver failure: from hyperammonemia to energy failure
and proteolysis. Neurochem Int. 2005;47(1-2):13–8.
42. Dam G, Ott P, Aagraard NK, Vilstrup H. Branched-chain amino acids
and muscle ammonia detoxification in cirrhosis. Metab Brain Dis.
2013;28(2):217–20.

Page 8 of 8

43. Lawrence YA, Bishop MA, Honneffer JB, Cook AK, Rodrigues-Hoffmann A,
Steiner JM, et al. Untargeted metabolomic profiling of serum from dogs
with chronic hepatic disease. J Vet Intern Med. 2019;33(3):1344–52.
44. Vogt JC, Krahwinkel DJJr, Bright RM, Daniel GB, Toal RL, Rohrbach B.
Gradual occlusion of extrahepatic portosystemic shunts in dogs and cats
using the ameroid constrictor. Vet Surg. 1996;25(6):495–502.
45. Youmans KR, Hunt GB. Cellophane banding for the gradual attenuation
of single extrahepatic portosystemic shunts in eleven dogs. Aust Vet J.
1998;76(8):531–7.
46. Cole RC, Morandi F, Avenell J, Daniel GB. Trans-splenic portal scintigraphy
in normal dogs. Vet Radiol Ultrasound. 2005;46(2):146–52.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

